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.ABSTRACT 
T h e a u t hors studi ed t he t hi ckness of the layers in both n orma l a nd ba ld sca lps to d ete r-
mine the effect of aging on ba ldness. 
In non -ba ld subjects, 1) each sca lp laye r cha nges wi t h aging; 2) t he most noticeable 
cha n ges are in the layers that conta in ha ir ; 3) the condi t ion of the galea is influen ced by 
aging. 
In ba ld subj ects, 1) in early m a le patt e rn a lopec ia no cha n ges occ ur in sca lp t hickness; 2) 
in advan ced ba ldness, a ll s kin layers exce p t t he ga lea ex hibi t d efini te thinning. 
Some a ut hors ha ve suggested that m a le pa t tern 
a lop ecia (MP A) is a n ea rly s ign of a progressive 
tenden cy to ha ir loss typi cal of aging prima t es (1, 
2, 3). 
In m a n both aging and ba ldness cons iderably 
a lter t he a natom y of th e scalp (4, 5, 6 , 7, 8) an d, 
in the case of M PA, will bring a bout fina l ha ir 
loss. 
T he ro le of each process in caus in g scalp a lte ra-
tion is, t h erefore, difficul t t o evaluate. 
T hi s pap er presen ts t h e resul ts of a n a na lys is, 
never undertak en before, of the t hi ckn ess of each 
layer in t he sca lp of non -ba ld and ba ld subject s of 
d ifferent ages. 
T h e findin gs show t hat aging d oes a ffect t he 
sca lp t hi ckness in ha iry subjects in a way whi ch is 
diffe ren t fro m t hat obse rved in subjec ts with 
M PA. 
M AT ERIALS AN D M ETHODS 
Studies on dead subjects. In t his part of the study, 22 
ma le and 22 female cadavers were used. Most of these 
subjects had died in t raffic acc idents, of heart fa ilure, 
apoplexy or other acute d iseases. None of them had 
been dead fo r more than 24 hours before exa mination. 
Independent of sex or age, all these cadavers had 
apparently normal hairy scalps in the area of the vertex, 
from which fa irly equal sized, large skin spec imens, in -
cludi ng galea, were excised. 
The skin speci mens, immed iate ly on excision and 
without stretching, were fastened to pieces of cork with 
pins and fixed in neutral 10% fo rmaldehyde solu tion for 
24 hours. 
Next, they we re put through a seri es of standardized 
dehydration and embedding procedures, then cut ex-
act ly para llel to the surface of t he paraffin blocks and at 
three diffe rent constant angles to the first cut surface. 
Four sections from each block were chosen a t random, 
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mounted on the same slide, and sta ined wi th hematox-
ylin -eosin. 
T otal skin thickness and individual layers were meas-
ured with an ocula r micrometer inserted in a lO x eye-
piece, with different objectives accordin g to the layer 
studied and the base mi crometer scale. All measure-
ments were taken either a t the cente r of each section or 
near the ri ght or left of the middle line in each section . 
The boundary of each skin layer between the skin fol-
licles was defin ed. 1) The epidermis: We measured the 
distance between the basa l line at the t ip of the derma l 
pa pillae and the highest point of the stratum gra nu -
losum, excluding the horny layer, and the distance be-
tween the t ip of the basa l line of the ri?ges enclos in g 
the paptllae and t he above- ment iOned potn t in gra nular 
layer. 2) The dermis, hypodermis, and ga lea: We meas-
ured the max imal and minimal distances between t heir 
upper and lower ends. 
S tudies on. living subjects. In living subjects we ex -
amined the thickness of scalp laye rs in 19 male individ-
uals between 16 and 59 years old (Mean 35 yrs.). Of 
these, 8 (7 of them 16 to 59; av. age 34) had a norma l 
scalp (at least 85% of the ha irs in a tri chogra m of t he 
vertex were in anagen); 7 (a ll between 22- 43, av. age 33) 
were affected by " ini t ia l" male pa t te rn a lopecia (MPA): 
they had a t richogra m with more than 15% telogen-ha irs 
(9) and clini ca l ha ir loss of types III or IV in Ha mil ton 's 
classification; 4 (a ll 39- 44, av. age 42) had "adva nced " 
MPA. They had an appa rent ly glabrous vertex as in 
clinical types VII or VIII (10) . 
Skin sa mples, obtained from the vertex of these sub -
jects afte r loca l xy loca ine-epinephrine anesthesia and by 
means of a 10 mm hand -punch, were processed within 5 
hours, as in the histological procedure previously de-
sc ribed. 
S tat istical analyses. T he da ta obta ined from the ski n 
layers of the 44 cadavers were divided according to age 
in to 5 groups each sex (Table I) and statisti cally ana-
lyzed. 
An effort was made to eliminate the possible influ -
ence of the tota l skin thickness on that of each layer. 
Therefore, tes tin g the diffe rence a mong t he 5 age 
groups, we used the analys is of cova riance with the tota l 
skin t hi ckness (whi ch did not di ffer significant ly) as 
independent va riate. The reduction of the mea n square 
of error due to the regress ion on this va riate va luably 
increased the precision of the experiment (11, 12). 
If the difference was signifi cant, we ca lculated t he 
para meters of the regression on the age and drew the 
regression curves. 
Wi th the analys is of covariance we tested the differ-
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TABLE I 
Age (in months) 1- 200 200- •100 
Luycr Sex N M an n SEM N Mcn n SEM 
Epidermis M 2 40.3 ± 12.250 6 71.0 7.904 
F 2 31.4 ±5.300 5 65.8 ± 8.993 
Dermis M 2 664.0 ± 89.200 6 1597.9 ± 70.806 
F 2 678.4 ± 59.456 5 1760.2 ± 76.039 
Hypodermis M 2 1293.4 ± 446.000 6 1801.4 ± 100.135 
F 2 1062.9 ± 215.549 5 2946.6 ± 510.721 
Total thick - M 2 2002.7 ± 547.450 6 3380.1 ± 157.016 
n ess F 2 1822.8 ± 269.700 5 4774.4 ± 573.065 
Ga l ea M 2 204.7 ± 14.600 6 1037.4 ± 61.991 
F 2 152.0 ± 23.351 5 856.9 ± 91.514 
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e n ce between sexes as well, the independent variates 
being the age a nd the total skin thi ckness. 
F inally, the da ta gathered from the 19 livin g subjects 
were divided into 3 groups: " norma l", ' "ini t ia l" a nd 
"advanced"; the differen ces were tested with the a na l-
ysis of cova riance, the independent variate bein g the 
age. 
RESULTS 
In dead subjects. The results of microscope 
measure!nents, hereafter given in Table I and by 
a series of regression curves (Figure), were as 
•100- 600 600-800 R00- 1000 
N Mcun SEM N Mean SEM N Mcn n SEM 
2 61.4 ± 5. 100 5 57.0 ± 4.469 7 44.8 ± 5. 138 
4 66.2 ± 3.689 3 54.5 ± 1.638 8 46.8 3.830 
2 1464.3 ± 126.349 5 1405. 1 ± 93.615 7 1137.5 ± 152.277 
4 1594.4 72.432 3 1303.3 ± 100.211 8 1471.8 ± 67.953 
2 1928.9 1± 278.749 5 1927.5 ± 354.883 7 1848.7 1± 573.183 
4 2549 .6 ± 96.632 3 1808.8 ± 253.196 8 2425.7 1± 340.139 
2 3454.7 ± 410.200 5 3387.9 ± 430.792 7 3030.9 1± 703.330 
4 
2 
4 
4210.3 83.951 3 3499.9 ± 13.495 8 3944.3 ± 363.503 
1556.9 ± 360.900 5 1285.9 ± 182.600 7 870.1 ± 93.546 
919.9 ± 124 .264 3 772.4 ± 77.872 8 606.7 37.275 
follows: the thickness of epidermis, t hough simi-
lar in men and women, increased steadily up to 40 
years in women and a round 50 yea r in men and 
dec reased thereafter. 
The dermis was thi cker in women tha n in men 
and reached its maximum around 35 years in 
women a nd around 55 in men . It t hen dec reased 
in women up to t he age of 70 and in men up to 
80. However, a renewed rise was observed in fe-
males over 70. T he hypodermis made up about 
50% of the tota l sca lp. This layer was a lso t hi cker 
in women tha n men. In men the thickness of the 
hypodermis did not undergo any statistica ll y sig-
nifi cant change with agin g, as if no cha nge was 
involved. In women, the thi ckness rose cont inu-
ously and sha rply up to the age of 32 or 33, t hen 
dec reased until 70 only to ri se again up to 85. 
The galea capitis though considerably stouter 
' in men than in women, became progressively 
thicker in both sexe!) up to the age of 55 and de-
creased thereafter un t il the age of 80 (see F igure). 
When examined for statistica l differences in 
rela tion to sex a nd age, t he above data indicate 
(Table II) that t he thi ckness of t he ep idermis 
varied with ag ing but not with sex; the thi ckness 
of the dermis vari ed with both sex and age; t hat 
of the hypode rmis differed according to sex and 
va ri ed in women with aging; t he tota l thi ckness of 
s kin , being influenced by that of the hypodermis, 
differed only wi th sex, whereas the t hi ckness of 
the galea varied with both sex and age . 
In living subjects. T he results (Table III) of 
microscopic measurements, given in average mi -
cra, analyzed and corrected by covariance, were 
as follows: In initial MPA , no statistica lly s ignifi -
cant variations in scalp layers were observed. In 
advanced MPA, a defini te decrease in t he va lues 
of epidermis , dermis , and hypodermis brought t he 
thickness of each layer signifi can tly lower than 
t hose in normal subjects, i.e. from about 24 % to 
44%. The galea capitis, did not revea l any change 
in thickness . 
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Skin loye rs 
Epidermis 
Dermis 
Hypodermis 
Tot . t hick-
ness 
Ga lea 
TABLE II 
S tnlisticnl difference accord ing to: 
Age 
Highly significant 
High ly significant 
Signifi cant (in fe-
ma les only) 
Sex 
Highly signifi cant 
S ignificant 
Hi ghly signifi cant 
Hi ghly significant Highly signifi cant 
TABLE Ill 
Scn lp thickness in Mule Stutisli cH I 
Pott ern Alopec ia• differences 
Normal Normal 
Normu l In itio\ Ad vu nccd control control 
S kin laye rs control ri'~~1~ l t4'~~j) vs. vs. (8 •ubj .) lni t iul Ad va nced 
~ ~ u~c !-\ LHI-(C 
E pidermi s 71.57 64.89 53.34 - Hi ghly sig-
nifican l 
Dermis 1847.73 1771.16 1404 .82 - Significant 
Hypodermis 2364 .93 2081.22 1324 .26 - Significa nt 
Tot. thick- 4284.24 3917.27 2782.43 - -
ness 
Galea 1116.52 1485.27 1102.50 - -
• = means, in micra, corrected by covariance 
DISCUSSION 
G reat care was ta ken to eliminate t he poss i-
bility of error t hat may ar ise in thi s kind of study 
from post-mortem s kin cha n ges (13), art ifacts 
induced by hi sto logica l technique (14), a nd t he 
lack of s tandard ized procedure. T his conce rn de" 
c ided th e cho ice of both dead a nd li vi ng subjects, 
t h.e short inte rval (n o more t ha n 24 hours for ca-
davers; 5 hours for li v in g subjects) which e la psed 
between t he exc is ion of t he s kin a nd the use of 
formaldehyde-fixed (14) specimens, a nd t he h o-
mogenous ha ndling of the materia l. F urt he rmore, 
our stud y was directed principa lly at obta ining 
compa rative va lues wi thin each group of subjects. 
In dea d subjects, previous d ata are confirmed 
by t he d ecreas ing t hickness of s ca lp layers, with 
aging, es pec ia lly after 40, as we ll as by t he g reater 
t hi ckness of t he fe male scalp (5, 6, 14, 15, 16, 17). 
B ut t he fact t hat t he dermis is t hi cker in 
women t ha n in m en and a lso t hat the dermis a nd 
hy podermis in women over 70 is t hi c ker t ha n in 
earl ier yea rs, e it he r confli ct with other findings 
(14) or, as in th e latter case, a re quite inexp li-
cable. 
In li v ing subjects, our findings of an un ch a nged 
sca lp t hi ckn ess durin g early MPA (18) a nd of a 
th inning out of t he epiderm is, d e rmi s, a nd hy pod-
e rmis in adva nced MPA are supported by oth e r 
d ata (4, 6) . 
In con clus ion, changes in t h e t hickness of sca lp 
layers, in c luding t he dermis a nd hy podermis, i.e. 
the ha ir-co n ta ining laye rs, characterize both aging 
a nd ba ldness . 
Since fibrob lasts a nd a dipose cells participate 
actively in d ehydroe pia ndrosterone, testosteron e, 
dehydrotestoste ro n e a nd est radi o l turnover in 
s kin a nd ha ir follicl es (19, 20, 21) d e rmis a nd 
hypodermi s could we ll b e the first skin structures 
to be subject to t he horm on a l, enzymatic, or other 
disturba nces that may d eve lop wi t h agin g and 
baldness. 
In agin g women, for example, the cha nges in 
d e rmi s a nd hypo d e rmi s thickness co incid e 
broa dly with t h e c urve of estrogen excret io n 
during lifetime (22). This is a n interestin g coinc i -
dence in v iew of t h e recen t finding (23) that the 
co nversion of estrad iol in to estron e re ma ins hi gh , 
in the s kin ha ir cycl e, as long as the ha irs are 
grow in g. 
T he characteristi cs of t he ga lea capitis in aging 
a nd its un cha n gin g t hi c kness during MPA cer-
ta inly do no t support Sche in 's hypothesis , that 
a lte rations in ha iry s kin on t he s kull depend on 
changes in the ga lea (24, 25) . 
Agin g a nd baldness, on the oth e r ha nd , seem to 
inf1uen ce sca lp thickness in a differe nt way: in 
agin g m en , t he t hi ckness o f the hy pod ermis is 
pro ba b ly un cha nged; in ba ld me n, t he t hi ckness 
of t his laye r probably re m a ins stead y in t he ini -
t ia l s tages of MPA whil e it dro ps sha rply in t h e 
a dva n ced s tages to va lues whi ch , a lt hough t he 
comparison is ris ky, a re lower by far t ha n t hose 
observed in cadave rs of the sa me age range. 
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